Double stranded non-coding RNAs (dsRNA; >200 nucleotides length) can initiate RNA interference pathway, once injected into the cell. Initially, the dsRNA is cleaved into smaller segments by an RNase enzyme called Dicer. These small segments (20-25 nucleotides length) are called small interfering RNAs (siRNAs).
Each double stranded siRNA has a sense strand and an antisense strand. The sense strand is identical to a portion of the target mRNA sequence and the antisense strand is complementary to this sequence. The antisense strand then binds to the argonaute protein present in the RNA induced silencing complex (RISC) of the cell cytoplasm. The RISC is a multiprotein endonuclease complex that catalyzes the destruction of the target mRNA, in the RNA interference pathway.
The argonaute protein has been identified to have a major role in RNA interference pathway. When double stranded siRNA is introduced into the cell, one strand of siRNA; the antisense strand binds with Argonaute protein. When binding of the antisense strand occurs, the sense strand gets unwound from the siRNA duplex and gets dissolved. Even though sense strand is a part of mRNA, mRNA does not get dissolved because its dimensionality is very high compared to sense strand. If an mRNA complementary to Argonaute bound RNA is detected, then it can bind to the mRNA complementarily through base pairing between target mRNA sequence and Argonaute bound antisense siRNA. This binding would thereby cleave the mRNA at its central position and eventually degrade it. Thus the gene corresponding to that code is silenced at the mRNA level and protein encoding by that mRNA cannot be further done [188] . siRNA can be created in test tube conditions or can be synthesized from the double stranded RNA viruses. Computationally, siRNA can be designed in such a way that its sense strand is identical to the target sequence present inside mRNA and antisense strand complementary to this target sequence.
MicroRNAs of length 21-22 nucleotides are found in eukaryotes that can act through RNA interference (RNAi). A complex of miRNA and enzymes can break down the target mRNA. Here, the miRNA is complementary to the target mRNA and blocks the mRNA from being translated or accelerates its degradation [193] .
Small interfering RNA (siRNA) and microRNA (miRNA) are anchored into specific binding pockets of Argonaute protein and guide it to target mRNA molecules to prevent decoding of protein information during translation. Argonaute proteins are evolutionarily conserved. They can be phylogenetically subdivided as Ago subfamily and the Piwi subfamily. Ago proteins are ubiquitously expressed.
They can bind to siRNAs or miRNAs to guide post-transcriptional gene silencing.
Piwi proteins are mostly expressed in the germ line and these proteins can associate with piRNAs to facilitate silencing of mobile genetic elements [194] . Thus, Argonaute proteins can interact or bind to small non-coding RNAs with their functional domains and control protein synthesis by affecting messenger RNA stability.
They can also participate in the production of a new class of small RNAs called Piwi-interacting RNAs [195] .
Several domains of Argonaute proteins have already been identified in RNA interference. The PAZ domain constitutes 110 amino-acids and is named so because it is contained in Piwi, Argonaute and Zwille/Pinhead proteins [197] . The tudor domain exhibits a conserved negatively charged surface which can interact with the C-terminal Arg and Gly-rich tails of proteins [198] . Thermo nuclease domain can catalyze the hydrolysis of both DNA and RNA at 5' position of the phosphodiester bond and give 3'-mononucleotides and dinucleotides. Two arginines and one glutamate are implicated in the catalytic mechanism. [199] .
Computational methodology
Mutation records on genes that lead to Alzheimer's disease have been collected from 'Human Genome Mutation Database' (HGMD) [200] . mRNA sequences of these AD causing genes have been collected from NCBI database RNA analysis of the antisense siRNA strands has been done using RNAfold tool to identify self-complementarity among nucleotides, secondary structure formation tendency with respect to base pair distance within the sequence and thermodynamic energy differences among different antisense siRNA sequences.
Complementarity of bases between antisense siRNA strand and the target mRNA sequence and thermodynamic energy of antisense siRNA strand bound to target mRNA sequence were found using RNAcofold tool [203] .
Seven Argonaute proteins; 1Q8K, 1S12, 1S13, 2E6N, 2HQE, 2HQX and 3BDL, in human were collected from Protein Data Bank (PDB) database [205] .
These proteins have been subjected to primary and secondary structure analyses.
Secondary structure, class and species details of proteins were collected from SCOP database [207] . Percentage of alpha helix and beta turns were identified for each proteins using SOPMA tool [208] . Prosite tool was used to find domains in proteins [209] . ProtParam tool was used to find molecular weight, theoretical PI, hydrophilicity and stability of proteins [210] . Antisense siRNAs were docked with the seven Argonaute proteins present in human using CDOCKER tool of Accelrys Discovery studio [211] . CDOCKER is an implementation of a CHARMm based docking tool using a rigid receptor. A set of ligand conformations is generated using high-temperature molecular dynamics with different random seeds. Random orientations of the conformations are produced by translating the center of the ligand to a specified location within the receptor active site, and performing a series of random rotations. A softened energy is calculated and the orientation is kept if the energy is less than a specified threshold. This process continues until either the desired number of low-energy orientations is found, or the maximum number of bad orientations has been tried. Each orientation is subjected to simulated annealing molecular dynamics. The temperature is heated up to a high temperature then cooled to the target temperature. A final minimization of the ligand in the rigid receptor using non-softened potential is performed. For each final pose, the CHARMm energy which is the sum of interaction energy and ligand strain and also the interaction energy alone is calculated. 35, 116, 123, 143, 214, 206, 245, 386, 377, 378, 431, 435, 436, 213, 267, 268, 269, 278, 213, 219, 365, 280, 139, 120, 209, 115, 409, 282, 284, 394, 384, 318, 139, 222, 113 Presenilin- used as a translation template. The result of computation of interaction energy between antisense siRNA strands, complementary to mutated regions on PSEN-1 mRNA, and conformers of Argonaute protein 1Q8K has been included in Fig.6 .1. (((((((((.((((((((((&...) )))))....) ).)).)))))..)))))) .(((.(((((((.((((&.. ........)))).) ))))))...))).)).
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Summary
Antisense siRNA strands that show comparatively stronger interaction with argonaute protein may be able to form RNA-protein complex. This complex can recognize target mRNA sequence by considering base pair complementarity and can bind through hydrogen bonds. Antisense siRNA strands designed with comparatively low GC content, and their interaction with protein argonaute indicates feasibility of designed siRNA strands to be used in RNA interference pathway to silence AD specific mutations. Antisense siRNA strands have shown more complementarity with their target mRNA sequence than mature human microRNAs. These strands are more thermodynamically stable than human microRNAs when bound with their target mRNA sequence. This implies that siRNA strands that are designed are more efficient to be used in post transcriptional gene silencing than human microRNAs.
